Introduction: We describe a novel approach to arterial cannulation using the StealthStation Ò Guidance System (Medtronic, USA). This uses electromagnetic technology to track the guidewire, displaying a 3D image of the vessel and guidewire. 
Introduction
An estimated 43,000e47,000 people die annually in the United States (US) from diseases of the aorta and its branches, with this number continuing to rise. 1 There has been a steady increase in the number of endovascular procedures performed, 2 
with trials
showing there to be reduced mortality and morbidity when compared with open surgery. 3, 4 Endovascular procedures are being used by clinicians to treat patients who are both suitable and unsuitable for open surgery due to co-morbidities. 4 Minimally invasive endovascular procedures are currently performed using two-dimensional (2D) fluoroscopy to direct guidewires and catheters. Target vessel cannulation can potentially be time consuming and technically challenging, with resultant prolonged fluoroscopic exposure times to the patient and staff, and large volumes of contrast required. 5 Navigation technology may help counter these limitations and improve patient safety by providing interventionalists with the ability to navigate through the vascular tree through threedimensional (3D), real-time imaging of instruments and surrounding anatomy. Furthermore, it may facilitate the avoidance of traumatic injury to vessels and embolisation, and improve positioning of guidewires and stents. Navigation systems are currently not used in clinical practice for endovascular therapy but are being used successfully in neurosurgical, orthopaedic and ear, nose and throat surgery. 6, 7 This study aims to evaluate the efficacy of an electromagnetic navigation system to facilitate endovascular tasks.
Materials and Methods

Simulation model
The study was performed on a 'bench top' simulation model called the Cannulation Suite. There are several features which comprise the Cannulation Suite ( Fig. 1): i A wooden enclosure with a surgical drape placed over it.
ii The aortic arch model (Elastrat Sàrl, Geneva, Switzerland) is a transparent, silicone-based, phantom representing a type 1 aortic arch. The vessels on this model include the proximal: left and right subclavian arteries; left and right carotid arteries; and the brachiocephalic trunk. The phantom is filled with a watereglycerol mixture resembling blood, which is pumped in a pulsatile manner. iii A video camera is connected to the LCD monitor and mounted on a stand over looking the phantom arch, providing a realtime image of movement within the phantom arch. A black rubber mat is placed under the phantom arch model to obtain the simulated fluoroscopic image. iv Illumination is provided by a lamp placed within the enclosure. v Catheters (Vertebral, Multi-purpose, SOS 1 and 2, Cobra, Head Hunter), guidewires and arterial sheaths can be introduced into the aortic arch phantom. vi A 10 ml syringe containing water.
The Cannulation Suite has previously had its validity (face, content and construct) established for endovascular training. Validity was evaluated by 16 participants (non-experts: 11 participants, 0e50 procedures performed as first operators; and experts: 5 participants, >50 procedures performed as first operators) filling in a questionnaire with statements assessing the Cannulation Suite on a Likert scale of 1 (definitely disagree) to 5 (definitely agree). Additionally, participant performance in conventional cannulation (i.e. with simulated fluoroscopy) of the left subclavian artery was assessed. ).
Navigation system
Accuracy of StealthStation
Ò
The accuracy of the StealthStation Ò was assessed prior to participant enrolment into the study. The target registration error (TRE) is defined as the difference between the real and virtual location of any anatomical point after registration is complete. 8 16 evenly distributed, pre-defined anatomical landmarks on the phantom aortic arch model were physically marked. The central 5 anatomical landmarks were used to register the phantom model into the StealthStation Ò . The peripheral 11 landmarks were used to determine the TRE by placing the guidewire tip sequentially on each of the 11 landmarks. Each landmark on the arch model was compared with the virtual aortic arch image obtained on the StealthStation Ò monitor.
Subjects
16 participants of varying experience in performing endovascular procedures were recruited to participate in the study, from October 2009 to April 2010. Participants were divided into three experience groups. A novice was defined as having performed 5 endovascular procedures on patients. An intermediate was defined as having performed 6e50 procedures. An expert was defined as having performed >50 endovascular procedures on patients. All participants gave written informed consent to participate in this study.
Set-up time
The time taken from turning on the StealthStation Ò to it being ready for operator use was recorded for each of the participants. 
Study protocol
All participants were orientated to the Cannulation Suite and StealthStation Ò by the same investigator through both written and verbal explanations of its components and the assessed task, and informed of the scoring criteria. They were given a standardised training session in cannulating the left subclavian artery on the model using the conventional method (i.e. with fluoroscopy) and with the StealthStation Ò . Each participant was given a practical demonstration of the 'perfect' cannulation and then given a single practice trial. The cannulation equipment available to use was the same for all participants. Fluoroscopic imaging was simulated using a foot pedal. Participants then cannulated the left subclavian artery as part of the assessment using the conventional method or the StealthStation Ò first. They were randomised to either using the conventional method or the StealthStation Ò first using simple randomisation methods. The left subclavian artery was chosen as it is of intermediate difficulty to cannulate when compared with the left common carotid artery (hardest) and brachiocephalic artery (easiest). 9 This potentially reduced the learning curve for the navigation system and gave all participants the opportunity to complete the task. Vessel cannulation started in the descending aorta. Completion of cannulation was defined when the catheter was in a stable position and more than 3 cm into the left subclavian artery. The subjects then completed a structured questionnaire assessing the StealthStation Ò .
Participant performance was recorded from two views (anteroposterior and lateral) for video assessment. Videos were assessed by two independent, experienced and blinded assessors using both quantitative and qualitative metrics. The videos were assessed with sound removed and in a random order, identified only by a coding system.
Performance evaluation
Quantitative metrics
Participant performance was assessed by measuring: total procedure time (measured from when the guidewire entered the descending aorta to completion of cannulation); total hits with guidewire tip to areas of significant embolic potential (i.e. artery origins); total hits with catheter tip to areas of significant embolic potential; total vessel wall hits with guidewire tip; total vessel wall hits with catheter tip; attempts at cannulation; and fluoroscopy time. 
Qualitative metrics
The Imperial College Endovascular Cannulation Scoring Tool (IC3ST) was used to assess participant performance (Fig. 4 ). This is a previously validated 5,10e15 endovascular cannulation skills rating scale ranging from a score of 1 (poor performance) to 5 (excellent performance) in eight criteria: catheter use; guidewire and catheter manipulation; contact with the vessel wall and areas of significant embolic potential; vessel cannulation; overall time and motion; flow of procedure; and a general score for performance. The lowest possible score is 8 and the maximum is 40.
Questionnaire
The questionnaire asked participants for their position held in the hospital, speciality and previous endovascular experience. It comprised of 7 statements relating to the potential advantages of the StealthStation Ò with respect to cannulation of vessels in clinical practice. A Likert scale of 1 (definitely disagree) to 5 (definitely agree) was used to assess participant's level of agreement or disagreement with each of the statements.
Statistical analysis
Data was analysed with statistical software package Stata version 9.2 (StataCorp, Texas, USA). The results for the quantitative and qualitative metrics are presented as median values with inter-quartile range. Differences between participant performance with and without the navigation system were analysed using the Wilcoxon matched-pairs test. The normality of the data was assessed by plotting histograms and/or normal plots, and visually inspecting these. An examination of the distribution of the differences between the results with and without the navigation system indicated that all performance scores had a skewed distribution. The results for the questionnaire are presented as mean values with standard deviation. The Wilcoxon signed-rank test was used to examine if the respondents were significantly more likely to agree or disagree with each of the statements. p-values <0.05 were considered statistically significant. The agreement in the IC3ST scores between the two assessors was analysed using the intra-class correlation coefficient (ICC 
Results
Validation of the Cannulation Suite
Demographics
16 participants were enrolled for the study with 6 novices, 5 intermediates and 5 experts. Novices consisted of medical students, foundation doctors, surgical trainees and radiology trainees who had carried out 5 endovascular procedures, while intermediates comprised of medical, surgical and radiology trainees who had carried out 6e50 endovascular procedures. Experts consisted of vascular surgeons and interventional radiologists who had carried out >50 endovascular procedures.
Set-up time
The mean (SD) set-up time was 15 min and 3 s (0.51).
Performance assessment Quantitative Questionnaire Table 2 shows that there was overall, significant agreement with the following potential advantages of the StealthStation 
Discussion
Endovascular procedures are developing in complexity, with multiple angiograms and prolonged fluoroscopy times required for procedures such as the deployment of thoracic aortic stent grafts. 17 There is therefore a necessity to reduce fluoroscopic exposure to patients and operators. 5 Using the StealthStation Ò 's electromagnetic technology to provide a real-time image of guidewire manipulation and vessels allowed the fluoroscopy time to be significantly reduced compared to the conventional method during cannulation of the left subclavian artery. There was no difference in total procedure time, hits to the vessel wall and attempts at cannulation between using the conventional and StealthStation Ò methods. Furthermore, there was no difference in IC3ST scores. On the bench model, cannulation performance with the StealthStation Ò was as good as the conventional method in all three experience groups, even with minimal training on the navigation system. Cannulation of the left subclavian artery was chosen as the assessed task as it is of intermediate difficulty to cannulate when compared with the left common carotid artery (hardest) and brachiocephalic artery (easiest). 9 The choice of the left subclavian artery may have contributed to the minimal differences between operators with different levels of experience. This suspicion is also reinforced by the short time required for the catheterization, even for inexperienced operators. Additionally, one can suggest that the learning curve on this task was too small to allow differences between operators with different levels of experience to be more considerable.
With further training, the StealthStation Ò may reduce vessel wall trauma as it provides the operator with a 3D image, as opposed to the conventional 2D fluoroscopic image. The 3D images of the relationship between endovascular devices and anatomy can aid in manipulating and deploying devices. 17 Consequently, the risk of dissection and embolisation is minimised. Complex and technically difficult endovascular procedures may be facilitated by navigation which gives the operator the ability to precisely advance a guidewire into a target vessel, and allow for more efficient and accurate catheter placement. However, despite these potential advantages, they need to be confirmed by further studies. Additionally, cost-effectiveness needs to be evaluated, with operator training and navigation system purchase and maintenance costs to be considered. The StealthStation Ò had submillimeter accuracy. A source of inaccuracy was the difficulty in registering the anatomical landmarks on the phantom aortic arch model with the exact same points on the virtual arch model. Inaccuracy in registration is inherent and means that there are discrepancies between where the StealthStation Ò shows the guidewire is located within the phantom model, and where it is actually located. 8 Other studies have shown electromagnetic navigation to have an accuracy range of 1e2 mm in rigid structures and 3e5 mm in mobile structures. Inaccuracy can be partially corrected with gating, dynamic motion compensation or image processing techniques. 17, 18 Electromagnetic guidance has been proven to be safe and accurate in the clinical setting, an example being catheter navigation within the heart. 19 Participants felt that the navigation system had potential in clinical practice. There was agreement that the StealthStation negligible, this limitation may be offset by less radiation exposure, contrast administration and fewer complication rates. Participants disagreed with the statement that it was easier to cannulate vessels with the navigation system than the conventional method. Indeed, this is novel technology with which participants were given minimal training and will inherently have a learning curve.
Electromagnetic tracking systems are emerging for use in routine image-guided interventions. 17 The StealthStation Ò has been successfully used for neurosurgical procedures such as resection of cerebral cavernous malformations. 20 Our study is the first to successfully extend and prove its potential for use in vascular intervention. Further development of the StealthStation Ò for optimal use in endovascular tasks is mandated. Currently, it cannot compensate for arterial contractility and tissue deformation. Additionally, although less of an issue for novel devices, interference from metal objects can occur. 21 Several limitations were inherent in our study. The number of endovascular procedures a participant had to perform to be classed as a novice, intermediate and expert was arbitrary. There is currently no standard on what constitutes an expert with respect to endovascular procedures. These self estimates may be inaccurate. Having performed many procedures does not necessarily make an operator a good performer, and thereby an expert. In addition, the sample size of our three cohorts was small for group comparison. This study used a phantom aortic arch which does not represent all of the challenges with respect to navigating through the human aorta.
The future of endovascular electromagnetic guidance lies with facilitation of conventional fluoroscopy rather than electromagnetic guidance replacing fluoroscopy in its entirety. It also provides a natural basis for combination with robotic technology. This combination of navigation with robotic technology has already been used successfully for cardiac mapping and ablation procedures. 22e24 The Sensei System (Hansen Medical, Mountain View, California) is a steerable robotic catheter system which has been used successfully in vitro for fenestrated stent grafting. 5 This study has evaluated the use of this novel technology in cannulating a single arch vessel and provides a proof of concept that this system may be of use in arterial interventions. Future studies need to provide a full assessment of its impact on navigation within the arterial tree and assess its potential not only for catheterisation of vessels but also for other functions such as device placement.
Conclusions
Navigation technology may offer potential benefits for vascular interventions in clinical practice. Cannulation of target vessels is feasible with the StealthStation Ò and results in reduced fluoroscopic exposure without compromising on vessel wall trauma and total procedure time in vitro. 
